The use of diagrams to stimulate dialogue in research interviews, a technique known as graphic elicitation, has burgeoned since the year 2000. Reviews of the graphic elicitation literature have relied on the inconsistent terminology currently used to index visual methods, and have so far drawn only a partial picture of their use.
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Abstract:
The use of diagrams to stimulate dialogue in research interviews, a technique known as graphic elicitation, has burgeoned since the year 2000. Reviews of the graphic elicitation literature have relied on the inconsistent terminology currently used to index visual methods, and have so far drawn only a partial picture of their use. Individual diagrams are seen as standalone tools, often linked to particular disciplines, rather than as images created from a toolbox of common elements which can be customized to suit a research study. There is a need to examine participant-led diagramming with a view to matching the common elements of diagrams with the objectives of a research project. This article aims to provide an overview of diagramming techniques used in qualitative data collection with individual participants, to relate the features of diagrams to the aspects of the social world they represent, and to suggest how to choose a technique to suit a research question. 
Introduction
The use of images created by interview participants to represent and examine subjective experience has burgeoned since the year 2000 in the form of photography, drawing and diagramming. Many diagramming techniques used by qualitative researchers originally emerged from disciplines such as psychological therapy and social work, offering ways of representing experience pertinent to therapeutic aims.
As we translate these techniques into research methods, we need to consider how diagrams represent personal experiences and broader social processes. If we do not take a step back to consider this bigger picture, we limit our understanding of how to choose a diagramming technique which is appropriate to our research question.
A lack of clarity about the bigger picture has contributed to difficulties in establishing effective taxonomies of visual methods. Research using visuals appears under a range of broad terms, from 'image-based research' (Prosser, 1998) and 'creative' or 'artsbased' methods (Bagnoli, 2009; Buckingham, 2009; Sheridan et al., 2011) to 'visual elicitation' (Davison et al., 2012; Varga-Atkins and O'Brien, 2009 ) and 'elicitation techniques' (Haidet et al., 2008) . These terms fail to distinguish between the type of visuals used, and whether they are generated by the researcher or the participant.
Treating all visual methods as a single entity obscures their different aims and emphases (Buckingham, 2009) , and has contributed to the lack of clear protocols for diagramming -best described by the more specific term 'graphic elicitation' (Bagnoli, 2009; Crilly et al., 2006) .
Using participant-led diagrams to facilitate interview dialogue can avoid some of the limitations of drawing and photography. Participants sometimes perceive that drawing will require artistry, and can be reluctant to participate (Scherer, 2016) . Drawings are often based on metaphors such as trees (Tasker and Granville, 2011) and rivers (Iantaffi, 2011) , and experiences are then described in implicitly prescribed ways -for example, in terms of smooth water, rapids and waterfalls. While participant photography allows researchers to witness experiences which they may not otherwise have considered (Hodgetts et al., 2007) , it can be labour intensive, involving the distribution and collection of cameras and the confidential transfer of images ahead of the interview. Levels of engagement may differ, some participants taking few photos and others many, some adhering to the brief and others diverging from it. Participants can feel a pressure to compose images for creative impact rather than to spark dialogue.
Diagrams offer advantages. Subjective experience can be represented using a framework of simple elements such as lines and circles. The participant can focus on It is widely agreed that work still needs to be done towards building a framework for the use of diagrams in qualitative data collection (Crilly et al., 2006; Varga-Atkins and O'Brien, 2009; Wheeldon, 2010; Umoquit et al., 2011) . In particular, a lack of comparison across diagram types means that there are currently no guidelines explaining how they relate to social phenomena. Umoquit et al (2013) have made headway in carving out a niche for participant-led diagramming, and have called for further investigation into its dynamics. The aim of this article is to focus on participantled diagramming in one-to-one interviews: to illustrate the common elements of the technique and relate them to a range of lines of inquiry, examining how the syntax employed in diagrams can be used to operationalize the research questions that we ask.
In delineating specific types of diagramming, we run the risk of accusations of prescriptiveness -especially given debates about the place of procedural guidelines in qualitative research (Chamberlain, 2000; Reicher, 2000). The concern is that emphasis on procedures may lead to a loss of creative, contextually-driven responses by researchers to the needs of specific studies. Equally, it is argued that inexperienced qualitative researchers -and those who commission research -may be misled into equating the quality of such research with strict adherence to procedures associated with specific methodologies.
We recognise this, but argue that an understanding of distinct approaches and their commonalities has advantages too. Firstly, defining types of technique allows for the development of vocabularies that aid the sharing of methodological knowledge and F o r P e e r R e v i e w experience. Secondly, it allows us to highlight how particular ways of diagramming are suited (or not suited) to particular research goals. Finally, accounts of typical procedures can be useful in terms of scaffolding learning for those new to such techniques. We are offering an explanation of procedures as a helpful starting point, rather than presenting inviolable requirements.
In the sections below, we examine how the arrangement of graphic elements in diagrams relates to the concepts at the heart of social research: social relationships and subjective experience. We focus on the use of diagrams constructed by participants, rather than researchers. We set out to answer some of the questions posed by our own research: What are the benefits of participant-led diagramming?
What kind of diagrams have been used in qualitative research interviews, and how do they work? What are the limitations of these techniques? Our aim was to clarify which phenomena can be productively explored using diagrams, and suggest guidelines for selecting techniques based on the focus of a research question.
What are the benefits of participant-led diagramming? Mattingley (1998) , writing about narrative research, claimed that life as it is lived lacks plot, and that we have a desire to impose structure onto events in order to make sense (Ricoeur, 1984) : diagrams can map these associations and configure a narrative around them. Constructing a diagram requires the comparison and evaluation of its elements, provoking critical thinking, spontaneous metaphors and novel insights (Hurley and Novick, 2006) . The act of construction also introduces an element of dynamism into the linear structure of an interview, enabling amendment and reconfiguration as the visual is explored. Simple diagrams also allow a level of ambiguity in their interpretation (Stenning and Lemon, 2001; Davison et al., 2012) participants see alternative associations between events or concepts, or create new meanings from the Gestalt (the whole) of the image (Bagnoli, 2009; Varga-Atkins and O'Brien, 2009; Crilley et al., 2013) .
These spontaneous processes -the dynamic nature of diagramming alongside the encouragement of critical and ambiguous thinking -can enhance the complexity of participants' narratives. Paradoxically, the simplicity of graphic representation can make reflection and meaning-making easier by reducing and organizing a large volume of information into spatial and/or metaphorical locations (Cheng et al., 2001; Nickerson et al., 2013) . This paradox is recognised and exploited in models of learning taxonomy, which explore the cognitive strategies informing the way we feel, think Diagrams can also ease some of the practicalities of interviewing. The visual acts as a map of the participant's experiences, enriches dialogue, and offers prompts for the researcher [Author, 2011; Authors, 2012] . Diagrams can also approach sensitive topics tangentially, rather than through direct questioning (Wilson et al., 2007; Sheridan et al., 2011) . Constructing an image introduces breaks into an interview, allowing the participant to control the pace [Authors, 2012] . It requires few resources, making use of flipchart paper, pens, and/or semi-adhesive notes or pieces of card.
The participant creates the diagram in stages, first thinking of the elements to include, then laying these elements out on a large sheet of paper in a way which reflects the associations between them. Dialogue begins with the participant's description of the visual, and moves on to comparison and evaluation. This is the act of elicitationdrawing out the spontaneous interpretation of past experience. Some of the studies we consider below have treated diagrams as data, in addition to interview transcripts (for examples see Rempel et al, 2007; Authors, 2013b) , and those which reproduce participants' diagrams demonstrate that they can also be a useful tool for dissemination (for example, Bagnoli, 2009; van den Berg et al., 2017) . (Kesby, 2000) to assess the subjective experiences of clients. This background has made them ideal for translation into social research tools. Group diagramming techniques such as concept mapping (Trochim and Kane, 2005; Burke et al., 2005) and participatory mapping (Emmel, 2008; Emmel and Clark, 2009 ) focus primarily on collaboration and consensus in group interviews: these have well established epistemologies suited to participatory approaches and are not discussed here. Techniques used in one-to-one interviews cannot subscribe to the same frameworks, and are not innately 'participatory' any more than interview dialogue can be said to be so, but they are used to investigate similar issues -social interaction, events and processes, and meaning-making. If the central focus of your research falls into one of these areas, diagramming may be a suitable technique for data collection.
[ Figure 1 near here] The choice of the right kind of visual to fit a research question requires a level of familiarity with the syntax of diagramming. Basic underlying structures include the chain, the hub-and-spoke, and the network (see Figure 1 ). These three structures are "rooted in the way we perceive and picture the physical world of everyday experience" (Richards, 2002: 87) . Hub-and-spoke diagrams and networks are relational -they depict interactions between multiple elements. Chain diagrams are sequential -they depict processes or cycles. Both approaches have been used in interviews with individual participants, and are outlined below. Each technique is presented with a description of its origins and its physical structure, examples of its use, and any advice gleaned from its practical application in a research context. The studies we examine fall across the disciplines of sociology, psychology, pedagogy, and broader applied health and social care research. In the research cited, theoretical frameworks vary, or are not described at all. While a chosen framework can dovetail with diagramming techniques (for example, symbolic interactionism is a good fit with relational diagrams focusing on social interaction), theoretical perspectives depend upon the aims of research rather than its methods. 
Relational diagrams
Relational diagrams can represent associations between people or concepts, and can be used to map out the ways in which social actors interact around a given task. They can be useful in investigating the features of social networks; they can also be used to explore the experiential details of collaboration, or to consider interaction based on specific critical events. Examples used in one-to-one interviews include the social convoy diagram, ecomaps and genograms, and the Pictor technique.
The social convoy diagram
Imaging social networks in qualitative research owes its origins to social network analysis (SNA), in which information is elicited about the connections between people and converted into visual maps (Borgatti et al., 2009; Knox et al., 2006; Freeman, 2000) . Qualitative SNA ('QSNA') emerged in anthropology and sociology in the 1950s (Barnes, 1954; Bott, 1957; Young and Wilmott, 1957) , but evolved into a quantitative science ('formal' SNA) investigating the strength, frequency and direction of social relations. One image from SNA has evolved into a participant-led elicitation tool in qualitative research: the convoy diagram. The layout of a social convoy diagram begins with a central circle, around which larger concentric circles radiate outwards to create an image like an archery target (most convoy diagrams include three concentric circles). They represent 'ego-centred' networks (Knox et al., 2006) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Ecomaps and genograms
The ecomap has similarities with the principles of the convoy diagram, using concentric circles and the evaluation of relationship characteristics to construct an image (see Figure 2 ). The technique originated in the 1970s in the work of Hartman as a tool for family therapy assessment (1978; 1995) . In research studies, construction is led by the participant under guidance from the researcher.
[ Figure 2 near here] (Rempel et al., 2007 ) -a technique which also emerged from family counselling (Bowen, 1978) and therapeutic assessment (McGoldrick and Gerson, 1985; McGoldrick et al., 1999) .
In combination, ecomaps and genograms can offer a holistic overview of relationship dynamics and social support. This makes them suited to investigations of family patterns which cascade through generations -for example, chronic health conditions (Ribeiro et al., 2015) , domestic violence (Watts and Shrader, 1998) and property inheritance (Helling and Stovers, 2005) . They have also been used to visualise social support in family caregiving (Ray and Street, 2006; Rempel et al., 2007; Washington, 2009) , and to investigate health promotion within social networks (Zanchetta et al., 2007; Rocha et al., 2009; de Oliviera et al., 2010; Correa et al., 2011) . participants to compile them -they are more complex than the other diagrams described here, and accuracy of construction is a more significant issue.
The Pictor technique
Pictor takes a different focus, primarily representing a network collaborating over a task such as social support or health care. The technique uses arrows to represent professional and social networks (see Figure 3 ). Its focus is on mapping episodes of collaborative working and/or social support [Authors, 2013a] (van den Berg et al., 2017) -for example, health care professionals can use Pictor to map out an episode of collaborative working, and patients and carers can use it to map out networks of support. The technique developed from a family therapy procedure using arrowshaped cards to represent relationships (Hargreaves, 1979) . Its use in research is grounded in an approach to psychology known as personal construct theory (PCT), based on the understanding that every individual construes the world through a unique framework of values and perceptions which are not readily available on a conscious level (Kelly, 1955) .
[ Figure 3 near here] Participants are given a stack of semi-adhesive arrow-shaped notes and an A1 (59.4 x 84.1 cm) sheet of paper (this can be folded in half if space is limited). They are then asked to call to mind a specific case or incident of collaborative working or social support, to write down the role of each person or group involved on a separate arrow, and to arrange the arrows in a way which represents the story of the case or incident. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Sequential diagrams
Sequential or chain diagrams can be used to represent processes or events. They can be useful in investigating how a series of actions or steps fit together, or where these processes break down or become contentious. They can also be used to take an overarching view of multiple events to allow comparisons to be made, facilitating the investigation of abstract processes such as change and development over time.
Timelines
Timelines are representations of experiences set out in chronological order. Their aim is to record significant events and elicit the subjective feelings associated with them. The events themselves can be the focus of the research, as in Marshman and Hall's (2008) study of the significance of cleft palate surgery; alternatively, events can act as cues for recalling feelings about patterns of experience, such as the development of identity (Jackson, 2013) . Significant global events can also be used to prompt associated personal memories (Cohen et al., 2005) . The graphic representation of events across time in research interviews began with 'life story work' (LSW) -for a review of this area, see McKeown et al. (2006) . In common with other participant-led graphics, timelines have been used in therapy, for example to examine access to mental health services (McKenna and Todd, 1997) . They have also been used to investigate health behaviours (Abusabha et al., 2001; Enright and O'Sullivan, 2012) .
Introducing an axis adds an extra dimension to timelines -for example, a vertical axis can be set against a horizontal sequence of events to allow the freedrawing of a line to represent "ups and downs" over time (see Figure 4) . This can be used to plot concrete issues such as weight change (Sheridan et al., 2011) or subjective feelings such as high or low mood (Leung, 2010) , and can provide a sensitive way to elicit narratives about the 'wiggle in the line' (Sheridan et al., 2011: 563) without direct questioning. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Continuums
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The limitations of diagramming
There are some general caveats to bear in mind when using participant-led diagramming. A key consideration is whether all of your participants will be able to draw on a similar range of experiences. Piloting your technique is vital to identify potential problems -either in the focus of the data that a specific diagram will elicit, or in the flexibility of approach your project may require. Piloting ensures that the data gathered will be appropriate to your research aims, and alerts you to ways in which diagrams might be customized by participants. Sensitivity in developing a diagramming protocol is required -participant vulnerability must be considered. Interviewees can experience distress if they are asked to reflect on events in their past which touch on difficulties experienced in the present (Sheridan et al., 2011; McKeown et al., 2006) . Techniques which request recall can be difficult for participants with cognitive difficulties: Bagnoli (2009) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w linear way. The conceptualisation of overarching concepts such as time can also be dependent upon the cultural background of participants (Ancona et al., 2001 ) -some cultures, for example, conceive of time as a circle or spiral (Orland, 2000; Hinterhuber, 2002 ). We are aware of the risks of any typology of qualitative methods, in that they can be seen as simple formulae that will automatically prescribe the "right" technique in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
Conclusion

